A b s t r a c t Attention-deficit/hyperactivity disorder (ADHD) in childhood or adolescence is associated with a significantly higher lifetime risk of oppositional defiant disorder, anxiety disorder, conduct disorder, among others. Reports of co-morbidity rates are variable and influenced by assesment methodology and refferal bias, and may reflect lifetime rates within clinical groups. Up-to date studies revealed that as many as 85% of patients with ADHD have at least one psychiatric comorbidity and approximately 60% have at least two. Research and clinical practice has shown that having multiple co-existing psychiatric problems increase the severity of ADHD and behavioural problems, and is associated with incereased psychosocial impairment. The high rate of psychiatric problems co-occuring with ADHD has strong implications for the management of these patients. The presence of co-existing psychiatric conditions may moderate the response to treatment of ADHD and ADHD treatments may adversely affect and exacerbate the symptoms of the co-morbit condition.
INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD) is a central nervous system disorder that has an onset in childhood and has been estimated to occur in 3 to 7% of school-aged children around the world [1] . According to ICD-10, to diagnose ADHD, symptoms of hyperactivity, impulsivity and inattention are needed. Disorder typically begins in pre-school age of children and have chronical course.
Children with ADHD often present with behavioral problems, impaired academic performance, and decreased social functioning [2] . Longitudinal studies have demostrated,that while there is a clear reduction and modification in symptoms with age, ADHD can persist into adulthood with estimated persistance rates of 15% for full ADHD diagnosis [3] . ADHD was taken as a mythus for a long time, with denies of its biological base. Only psychosocial context was accepeted as a trigger of disease. In the 20th century, with extension of scientific approaches into psychiatry, neurophysiological, structural, biochemical and genetic diferences were discovered between ADHD patients and healthy controls [4] .
ADHD can be considered as a disorder of neurotransmitter function, with particular focus on decrease of the neurotransmitters dopamine and norepinephrine. There has been extensive research conducted that demonstrates that dopamine is critical in the regulation of learning, as well as maintaining trained or conditioned responses and motivated (goaldirected) behaviors [5] . Dopamine also plays an important role in working memory, the abil-ity to "keep something in mind" for a brief period of time [6] . Thus, dopamine can modulate neuronal activity related to motor activity that is guided by external cues and is goal directed [7] . Dopamine plays an important role in the function of the prefrontal-subcortical system. Norepinephrine (noradrenaline) is involved in maintaining alertness and attention. Norepinephrine neurons are triggered by novel and important stimuli and are quiescent during sleep [8] .
According to the neurobiological findings, as etiology of ADHD, the only efficient therapy is medicamentous. Several studies confirmed efficiacy of medicamentous therapy itself or in combination with behavioral approaches as superior to behavioral treatment alone or community care [9] .
Nowadays, there are two registrated drugs as a specific treatment for ADHD in Slovakia. Atomoxetine and metylphenidate in new formulation-OROS form. The osmotic-controlled release oral delivery system, OROS, is an advanced drug delivery technology that uses osmotic pressure as the driving force to deliver pharmacotherapy, usually once-daily, in several therapeutic areas. Drug delivery using the various OROS products can result in an improved safety profile, stable drug concentrations, uniform drug effects, and reduced dosing frequency. OROS technology has also enabled the use of an effective starting dose, without the need for dose titration, which allows the achievement of symptom control much earlier than that observed with immediate-release preparations. Such attributes can enhance patient compliance and convenience, thereby ensuring efficacy and improving patient outcomes [10] .
Atomoxetine is a selective norepinephrine reuptake inhibitor, indicated for the treatment of Attention-Deficit/Hyperactivity Disorder (ADHD) in children 6 years of age and older, adolescents, and adults. Atomoxetine affects the regulation of norepinephrine by acting as a potent and highly specific inhibitor of the presynaptic norepinephrine transporter. Atomoxetine has minimal affinity for other transporter or receptor systems.
Metylphenidate is a stimulant of central nervous system, which probably inhibits reuptake of dopamine in brain [11] . Therapheutic role of metyfenidat s effect on noradrenergic system is discussed in several studies [12] .
Nonstimulant agents, such as atomoxetine (FDA-approved), and several non-approved agents, bupropion, guanfacine and clonidine, may offer necessary alternatives to the stimulants [13] . This is especially important for patients who have comorbidities that are contraindicated for stimulant use based on medical issues and/or risk for stimulant abuse. Approximately 10-30% of patients either do not respond to or must avoid stimulant therapy [13] .
Pharmacologic properties of atomoxetine Atomoxetine is a (-) isomer of an ortho-methylphenoxy analogue of nisoxetine, and is a derivate of phenoxypropylamine [14] . Its mechanism of action in the treatment is related to its selective inhibition of presynaptic norephinephrine reuptake in the prefrontal cortex, resulting in increased noradrenergic transmission, important for attention, learning, memory and adaptive response [15] . Atomoxetine has a high affinity and selectivity for norephnephrine transporters.
When norephinephrine and serotonine depletion was induced in the rat brain in vivo, using the transporter -specific neurotoxins, atomoxetine was shown to inhibit the depletion of norephinephrine, but not serotonin, in a dose-depent manner [16] . Localization studies, using quantitative autoradiography in the rat brain, suggest that atomoxetine preferentially binds to areas of known high distribution of naoradrenergic neurons, such as fronto-subcortical system, which controls attention and motor behaviour [17] .
In rats, intraperitoneal atomoxetine significantly (p <0.025) increased extracellular norepinephrine and dopamine levels in the prefrontal cortex. Extracellular dopamine levels in the nucleus accumbens and striatum remained constant, what suggests that atomoxetine is unlikely to produce tics or have abuse potential [16] .
Atomoxetine was associatd with modest increases in heart rate and BP in children and adolescents with ADHD, according to the pooled analysis of clinical trial data [18] .
In the short term study (up to 9 week's therapy), significantly greater increases in mean heart rate and mean diastolic BP were seen with atomoxetine than with place; there were no significant between -group difference in the change in systolic BP. Patients recieving atomoxetine for ≥1year had increases in mean heart rate of < 10 bpm and mean increases in BP that were small and considered to be of clinical significance [18] .
Atomoxetine recipients demonstrated an initial loss in both expected weight and height, althought these shortfalls peaked at 15 and 18 month, respectively, and returned to expected measurements by 36 and 24 month [19] . Persistent decrease from the expected measurements appeared to occur in patients who were taller or heavier than avarage before treatment [19] .
Atomoxetine appears less likely than methylphenidate to exacerbate disordered sleep in pediatric patients with ADHD [20] .
Oral atomoxetine is rapidly absorbed; Cmax is reached in 2 hours among children and adolescents with ADHD [21] . Studies demonstrated an absolute oral bioavailability of 63% in extensive metabolizers and 94% in poor metabolizers [22] . Atomoxetine demonstrates dose-proportional increases in plasma exposure, slightly affected by administration with food. Plasma protein binding (mainly to albumin) of atomoxetine was 98% at therapeutic concentration [22] .
Atomoxetine undergoes extensive biotransformation, mainly via the CYP2D4 enzymatic pathway in which atomoxetine is oxidated to form 4-hydroxyatomoxetine (the major metabolite), which is then glucuronidated to form 4-hydroxyatomoxetine-O-glucuronide, the main execreted. Poor metabolizers are unable to metabolize as efficiently using the CYP2D6 pathway; metabolism in these individuals occurs mainly via CYP2C19 pathway, forming Ndesmethoxyatomoxetine. 4-Hydroxyatomoxetine has similar pharmacologic activity to atomoxetine, N-desmethoxyatomoxetine has much less pharmacologic activity than atomoxetine and 4-Hydroxyatomoxetine. Extensive metabolizers with moderate (Child-Pugh clss B) or severe (Child-Pugh class C) hepatic insufificiency have increased atomoxetine exposure compared with voluntares [22] . In extensive metabolizers is a half-life of atomoxetine 5.2 hours [23] in compare with slow metabolizers, in which atomoxetine is metabolized through several alternative CYP pathways, that last 22 hours
The effectiveness and safety of atomoxetine in treating ADHD in children and adolescents were originally established in several short-term studies and some long-term studies, preferably aimed on core symptoms. Only few studies have prospectively addressed the effect of nonstimulant treatment with ATX on comorbidity disorder (note: comorbidity means coexistence of at least 2 mental disorders in one patient at the same time), and with conflicting results. The same little number of studies was focused on effectivness of ATX on core symptoms of ADHD with comorbidity. Next systematic and detailed research in this area is needed mostly for clinical practice.
Atomoxetine improved ADHD symptoms compared to placebo as rated by statistically significant improvements versus placebo in the total score of the AttentionDeficit/Hyperactivity Disorder Rating Scale (ADHD-RS). An investigator administered the ADHD-RS to the parent and/or teacher and clinical investigation of psychiatrists, depending on the study design. Symptom improvement was also observed using secondary measures, and these results demonstrate the efficacy of atomoxetine in children and adolescents in both home and school settings. Atomoxetine improved symptoms equally well in the inattentive and hyperactive/impulsive domains [25] . The response to treatment was dosedependent, with an optimal dose of approximately 1.2 mg/kg/day and no additional improvement in group-results of core symptoms at 1.8 mg/kg/day. The full effect of therapy is seen in 6-8 weeks. Atomoxetine is efficacious when dosed once daily in the morning, or as a divided dose in the morning and early evening.
Co-existing disorders with ADHD pervasively affect research and clinical practice as a result of its influence on diagnosis, prognosis and treatment. Patients with ADHD having comorbidity were usually excluded from studies, so despite the thousands of scientific articles, little is known about effect of atomoxetine on comorbidity in ADHD (ODD, anxiety). And that is the reason, why next research would be contributive.
The efficacy of atomoxetine in treating core symptoms of ADHD seems to be unaffected by the presence of co-morbid conditions so far. The tolerability profile of atomoxetine in patients with ADHD and comorbid conditions was similar to that of patients with uncomplicated ADHD. Atomoxetine was well tolerated, with adverse events generally mild and transient; the most frequent adverse events in patients with ADHD include abdominal pain, decreased appetite, nausea and vomiting.
Oppositional defiant disorder Oppositional defiant disorder (ODD), one of the conduct disorders, is the most common comorbid condition associated with ADHD, occurring in 30 to 60% of children with ADHD [15, 26] . ODD is characterized by a pattern of developmentally inappropriate nega tivistic, hostile, and defiant behaviors causing clinically significant impairment in social, family, or academic functioning. Children and adolescents with ADHD and comorbid ODD tend to present with more severe ADHD symptoms, peer problems, and family distress, which in turn are associated with increased severity of the disorder and a poorer prognosis [27] .
The etiology of conduct disorder involves an interaction of genetic/constitutional, biological and psychosocial factors. Children who have conduct disorder may inherit decreased baseline autonomic nervous system activity, requiring greater stimulation to achieve optimal arousal [28] .
This hereditary factor may account for the high level of sensation-seeking activity associated with conduct disorder [29] .
Current research focuses on defining neurotransmitters that play a role in aggression, with serotonin most strongly implicated [30] . Changes in testosteron and serotonine blood levels eventually decreased activity of dopamin -beta-hydroxylasis are common laboratory findings in children with ODD.
Because of the multifaceted nature of conduct problems, particularly related comorbidities, treatment usually includes medication, teaching parenting skills, family therapy, and consultation with the school. Studies have shown that youth with predatory and severe aggression are not likely to respond without medication and they have a better response to a multimodal approach [31] . Medications may help, however, when there are co-occurring disorders, making it more likely that the youth will be able to participate and benefit from intervention strategies. Pharmacological interventions may be helpful, for example, when a child or adolescent has a disorder that is responsive to medication, such as ADHD or bipolar disorder. Medications often prescribed for ADHD, such as stimulants and atomoxetine, may help improve oppositional behaviors as well. There is also limited research suggesting that mood stabilizers or selective serotonin reuptake inhibitors (SSRIs) may be helpful when there is a co-occurring mood disorder, such as bipolar or major depressive disorder. Atypical antipsychotics are the most commonly prescribed medication for aggression associated with ODD and CD. Medications should be started only after an appropriate baseline of symptoms or behaviors has been obtained and only in conjunction with psychosocial treatment [32] . The co-occurrence of ADHD and ODD symptoms is greater than might be expected from chance, raising the possibility that some association exists between the two sets of symptoms [33] and indeed it has been suggested that greater severity, at least in the hyperactivity/impulsivity dimension of ADHD symptoms, may predict the later development of oppositional symptoms [34] . Moreover, these externalizing disorders may share some common genetic underpinnings, as genetic variation in both dopaminergic [35] and androgenic receptors [36] appears to play a role in their expression. On the other hand, factor analysis points to the independence of the inattentive, hyperactive/impulsive, and oppositional symptom clusters [34] and evidence from both cognitive tests [37] and electrophysiology [38] supports this notion. Despite such analyses, surprisingly few clinical studies have evaluated actual methods to treat children with ADHD and comorbid ODD.
Two double-blind, placebo-controlled studies had been specifically designed to evaluate the efficacy of ATX in treating ODD symptoms in children with ADHD and comorbid ODD/CD, as measured by the ODD subscale of the investigator-rated Swanson, Nolan, and Pelham Rating Scale-Revised (SNAP-IV) [39] .
In one study, ATX was superior in reducing ODD symptoms over time, significantly better at week 2 and week 5, but no longer at week 8 [40] . Thus, it remained uncertain whether ATX exerts a specific and enduring effect on ODD symptoms. Of note, the patient population in this study was restricted to patients with severe ADHD and ODD symptoms and poor Clinical Global Impressions (CGI) ratings.
The second study evaluated the efficacy of ATX in improving ADHD and ODD symptoms in pediatric patients with ADHD and comorbid ODD who were nonresponders to a previous parent training intervention [3] . In this 8-week study, both ADHD and ODD symptoms had significantly improved compared with placebo at the end of the 8-week double-blind treatment period. In addition, post-hoc analyses have also been conducted on data of the placebo-controlled core registration studies of ATX conducted in children and adolescents with ADHD [41] . In these studies, comorbid ODD was typically present in 30%-40% of patients, and ODD symptoms had been measured by the oppositional subscale of the Conners' Parent Rating Scale-Revised Short Form (CPRS-R:S). These post-hoc analyses had also given inconclusive results: A first subset analysis of 98 children with ADHD and comorbid ODD from two early placebo-controlled trials revealed significant improvement of ADHD symptoms, but no significant reduction of ODD symptoms versus placebo [42] . A second, more detailed subgroup analysis based on a larger placebo controlled ATX study in 226 chil- dren and adolescents with ADHD with and without comorbid ODD [25] concluded that ATX significantly reduced both ADHD and ODD symptoms and improved quality-of-life measures compared with placebo [43] . Data also suggested that the comorbid group may require higher ATX doses (1.8 mg/kg per day). In an additional post-hoc meta-analysis, acutephase data were analyzed from three double-blind placebo controlled ATX studies in 512 children and adolescents with ADHD (age 6-16 years); 158 had comorbid ODD. ATX significantly reduced ADHD symptoms in patients with and without ODD to a similar extent. However, the reduction of ODD symptoms in patients with comorbid ODD was not significantly higher than with placebo [45] . Anxiety disorders Pediatric anxiety disorders are the most common psychiatric disorders of childhood, affecting 8% to 21% of children [45] . Symptoms vary between individuals and can be expressed as a finger sucking, onychophagy, psychosomatic symptoms as a cefalea, abdominal pain, nauzea, sleep disturbances, tension, fatigue, "too good child"-when child is too quite, masturbation, encopresis, enuresis, conduct symptoms etc.
Comorbid anxiety disorder is estimated to occur in 25% to 35% of children with ADHD [41] .
Investigators have noted higher rates of ADHD in children of parents with anxiety disorders than in children of comparison groups. Lahey et al. noted that children with diagnosis of attention deficit disorder without hyperactivity had higher rates of anxiety disorders than children with attention deficit hyperactivity disorder. A recent investigation of the familial interrelationship between attention deficit hyperactivity disorder and anxiety disorders provided evidence for an association between the two disorders. In 16-53% patients with generalized anxiety disorder (GAD) was found an evidence of existence of ADHD in childhood, compared to 2-9% in whole child population [46] . Milberger et al. (1995) examined the overlap between ADHD and generalized anxiety disorder in a clinical sample. For adults, when overlapping symptoms were subtracted, 75% of the sample still met criteria for ADHD, and 76% of the sample still met criteria for GAD. Thus, comorbidity between anxiety disorders and ADHD is not just an artifact of diagnostic overlap. Substantive hypotheses for the covariation between internalizing and externalizing disorders include where one disorder directly causes or contributes to another disorder. It is difficult to conceptualize how anxiety in a child could cause the development of ADHD; however it may be possible that anxiety alters the expression of ADHD. For example, children with comorbid ADHD and anxiety are often reported to be less impulsive than children with ADHD alone [47] . Alternatively, anxiety early in life might affect a child's ability to concentrate and finish schoolwork, and consequently may present with ADHD-type symptoms.
Furthermore, children with comorbid anxiety demonstrated a different pattern of responding to treatments leading to recommended modifications to treatments when comorbid anxiety is a factor [48] . Several studies have assessed the effects of mood or anxiety disorders in the treatment of ADHD. In youths with ADHD and comorbid anxiety, reports of trials with stimulants are inconsistent. Several reports have suggested diminished effectiveness and/or tolerability when monotherapy with stimulants was used in the treatment of ADHD comorbid with anxiety symptoms [49] or a diagnosis of an anxiety disorder [48, 49] .
Diamond et al., however, reported similar tolerability and response to stimulant monotherapy in those with or without diagnosis of an anxiety disorder. Similarly, the MTA study found the response to stimulant monotherapy to be good irrespective of diagnosis with an anxiety disorder. Clinical practice shows, that stimulants can increase anxiety in some patients, so we have to consider ATX as a choice for treatment. Systematic research about influence of ATX and methylphenydate on anxiety have not been performed (52) , so next research is essential. We can mention only a few studies.
Geller et al. in a double-blind study compared atomoxetine with placebo for treating pediatric ADHD with comorbid anxiety, as measured by the ADHD Rating Scale-IV-Parent Version: Investigator Administered and Scored (ADHDRS-IVPI) and the Pediatric Anxiety Rating Scale (PARS). Atomoxetine was efficacious in reducing ADHD symptoms in patients who have ADHD with comorbid anxiety and was well tolerated. There was also a significant reduction in independently assessed anxiety symptoms using both clinician-rated and selfrated measures, which merits further investigation. Results support consideration of atomoxetine for the treatment of ADHD in youths who have ADHD with comorbid anxiety disorder. Kratochvil et al. (51) assessed the safety and effectiveness of atomoxetine monotherapy compared with combined atomoxetine/ fluoxetine therapy in a population of children and adolescents with ADHD and concurrent symptoms of depression or anxiety. In pediatric patients with ADHD and comorbid symptoms of anxiety, atomoxetine monotherapy appears to be effective for treating ADHD. Up to date studies, as well as clinical practise show possibility of positive effect of ATX on anxiety with ADHD.
CONCLUSION
More than two-thirds of children with ADHD may have at least one co-morbid condition, and the presence of co-morbid conditions complicates the pharmacological management of individuals with ADHD. Despite this, there are relatively few systematic studies that specifically address the co-morbidity associated with ADHD. The majority of ADHD clinical studies in children and adolescents specifically exclude patients with co-existing disorder.Even though atomoxetine seems to be an effective and well tolerated option for ADHD treatment in the presence of co-morbid conditions. In spite of this, there are still some significant gaps in our knowledge of the most appropriate treatment options for ADHD with co-morbid conditions In addition to improving symptoms of ADHD, findings suggest atomoxetine may improve symptoms of ODD, has a mild-to-moderate benefit on co-occurring symptoms of anxiety, and does not worsen tics in patients with Tourette's syndrome or chronic tic disorders Next research can reveal, if ODD and anxiety could be possible subtypes of ADHD what would bring a new perspective on disorder itself and efficient treatment.
These issues serve to emphasize the need for appropriate prospective clinical studies that are sufficiently powered, and that investigate different pharmacological approaches head tohead in patients with ADHD and co-existing co-morbid conditions.
